
 

RECENT ADVANCES IN SURGICAL MANAGEMENT OF 
  

REGULAR ASTIGMATISM 
 

Essay 
Submitted for the partial fulfillment of the master degree  

in ophthalmology 
 

Presented by 
 

Hanan Mohammed Abd El Hamid 
 

Supervised by 
 

Prof. Dr. 
Riad Bahey El-Deen Shalash 

 
Prof. of ophthalmology 

Faculty of medicine-Cairo University 
 

 Prof. Dr. 
Mohammed Awad Allah 

 
Prof. of ophthalmology 

Faculty of medicine-Cairo University 
 
 
Dr. 

Ahmed Mohammed Abdulbaki 
 

Lecturer of ophthalmology 
Faculty of medicine-Cairo University 

 
Cairo university-2010 



 

Table of contents 
 

 Acknowledgment......................................................................................................I 

 List of figures...........................................................................................................II 

 List of Abbreviations..............................................................................................V 

 Aim of work..........................................................................................................VII 

 Chapter I 

Anatomical, physiological, and optical view…………...........................…………1 

Anatomy of the cornea…………………………………………................................3 

Innervation of the cornea……………………………………..............................…..7 

Physiology of the cornea…………………………….............................……………8 

Optical and mechanical properties of the cornea…................................……….….10 

Ocular astigmatism…………………………............................…………………...14 

 

Chapter II 

Diagnosis of astigmatism………………...............................…………………….24 

Refraction………………………………….............................…………………….26 

Keratometry………………………………............................……………………..27 

Placido disc imaging…………………….............................………………………30 

Raster stereography……………………….............................……………………..32 

Three dimensional topography (Astramax)............................……………………..33 

Slit-scanning topography……………............................…………………………..34 

Scheimpflung imaging (pentacam)………............................……………………...37 

Ultrasound digital topography (Artemis).............................…………………….....39 

Interference fringe technique……………….............................………………..….39 

 

 



 

 

 

 

Fourier transform profilometry……………………….............................…………41 

 

 

Chapter III 

Surgical treatment of regular astigmatism……..................………………….....42 

Incisional procedures for treatment of regular astigmatism .............................43 

Astigmatic keratotomy……………………………………………..................……45 

Principle……………………………………………………………........................45 

History……………………………………………………………...........................46 

Types of astigmatic keratotomy………………………………….….......................47 

Choice of astigmatic keratotomy pattern……………………..................................52 

Patient selection……………………………………………….................…...........53 

Surgical protocol……………………………………………….................…..........53 

Technique overview………………………………….................…………….........54 

Variables affecting surgical outcomes……………….................…………….........55 

Complications……………………………………………................………...........56 
 

Limbal relaxing incision………………………………….................……...............59 

 Technique and postoperative follow up…………….................………...................60 

Management of under- and overcorrections………………………..........................61  

Contraindications………………………………………………....................…....63 

Enhancing LRIs using compression sutures………………….................……......63 



 

  

Wedge resection…………………………………….................……........…….......64 

Femtosecond (FS) laser arcuate resection…………….................……..........…......65 

 

Toric intraocular lenses (TIOLs)………………….................……............……..66 

Aphakic toric intraocular lenses………………..…….................………...........…..69 

The STAAR toric intraocular lens……….....……................……...........…...…69 

Acrysof toric intraocular lens……………....……................……...........…...…82 

     New version of toric   intraocular lens types ….......................….......................89  

  

Phakic toric intraocular lenses…………….................…………………............….95 

     The phakic toric iris claw IOL………..….........………………...................…...95 

     Toric implantable Collamer lens (ICL)………….....………….........................101 

     New version of toric posterior  intraocular lens types …........................…......105  

Complications……………………………………..…................………..........….109 

 

Photoablation........................................................................................................123 

Introduction…………………………………………….................……..........…..125 

LASIK…………………………………………………….................…........…....128 

Profiles of photoablation in regular astigmatism….……................……...........…130 

Elliptical ablation………………......………………….................…................130 

Bitoric ablation……………………...………………................……...............131 

Cross-cylender ablation…...………...………………................……...............133 

Preoperative evaluation……………………………….................………..............134 

Intraoperative caveats…………………………………................……….............135 

Complications of photoablation……………………….................……….............136 

 



 

Conductive keratoplasty……………….……….................………….................145 

Defenition and mechanism of action………………................……………..........147 

Postoperative corneal changes……………................……………………............147 

Indications and patient selection……………................………………….............148 

The procedure………………………………................………………….............149 

Indications...............................................................................................................149 

Advantages……………………………….................…………………….............150 

Contraindications………………………................……………………………....151 

Complications………….........…………………................……………………....151 

  

Chapter IV 

Treatment of regular astigmatism at time of cataract Surgery........................153 

Patient evaluation and operative planning………………….............….................155 

Incisional methods…………………………………….............…................…….156 

Toric IOLs…………………………………………….............…….................….165 

Wavefront aberrometry-based technology………….............…….........................168 

The light adjustable intraocular lens technology…………................…................171 

 

Refrences................................................................................................................176 

Summary................................................................................................................204 
 

 

 
 
 
 
 
 
 



I 
 

 
ACKNOWLEDGMENT 

 

        First and foremost I feel always indebted to God the kindest and most 

merciful. I wish to express my deepest thanks to Prof. Dr. Riad Bahey El Deen 

Shalash, professor of ophthalmology, faculty of medicine, Cairo University for the 

time he devoted for the supervision of this essay, his continuous help, patience and 

guidance. 

        I am extremely grateful to prof. Dr. Mohammed Awad Allah, professor of 

ophthalmology, faculty of medicine, Cairo University, for giving generously of his 

time to review this assay, and for his helpful suggestions. 

        To Dr. Ahmed Mohammed Abdulbaki, Lecturer of ophthalmology, faculty 

of medicine, Cairo university. Who suggested this subject for reviewing. 

        I would like to express my appreciation to my family for their kind support 

and my colleagues who helped me and illuminated the way for performing this 

essay. 

 

 

 

 

 

 

 

 

 

 

 



II 
 

 
LIST OF FIGURES 

 

Figure 1: Histological cross section of cornea. (7)…………………................….6 

Figure 2: interval of conoid of Sturm. (17)…………………………................…17 

Figure 3: Simple hyperopic astigmatism occurs when the meridian of maximum 

curvature focuses its line on the retina. Thus the interval of Sturm begins on the 

retina and then extends beyond the retina so that the line created by the meridian of 

minimum curvature focuses behind the retina. 

(17)…………………………………………………………...............................…19 

Figure 4: Compound hyperopic astigmatism occurs when the meridian of 

maximum curvature focuses its line behind the retina. The entire interval of Sturm 

is located behind the retina. (17)………………………….................................…19 

Figure 5: Simple myopic astigmatism occurs when the line formed by the 

meridian of minimum curvature focuses on the retina. Here the interval of Sturm 

and the line formed by the meridian of maximum curvature are focused in front of 

the retina. (17)…………………......................................................................……20 

Figure 6: Compound myopic astigmatism describes the condition where the entire 

interval of Sturm, including the line formed the meridian of minimum curvature is 

located within the vitreous. (17)…………......................................................……20 

Figure 7: Mixed astigmatism occurs when the line formed by the meridian of 

maximum curvature is focused within the vitreous while whereas line formed by 

the meridian of minimum curvature is focused behind the retina. The interval of 

Sturm thus straddles the retina. 

(17)………………………………………………………...................……………21 

Figure 8: Appearance of astigmatic reflexes. Neutralization is seen with streak at 

180 degrees: (A) while there is still WITH motion when the streak is rotated to 90 



III 
 

degrees. (B) This is an example of simple hyperopic astigmatism with the role. 

(21)……………...............................................................................................……27 

Figure 9: Placido image on cornea (24)…….................……………….....………31 

Figure 10:  AstraMax system's polar grid. (24)...................………………….......34 

Figure 11: Typical Orbscan quad map of an eye (22)...............……………….....35 

Figure 12: Regular against-the-rule astigmatism. (24)……...............…………....36 

Figure 13: Regular with-the-rule……………………………...............……….....36  

Figure 14: anterior (above) and posterior (below) elevation maps…....................38 

Figure 15: Pentacam Scheimpflug image (24)……………………...................…38 

Figure 16: A) radial incision B) transverse incision (37)………...............……....48 

Figure 17: the Canrobert ''C'' procedure. (42)……………………........................50 

Figure 18: The nomogram for correction of astigmatism by Canrobert 

(42)……………………………………………………………................…......….51 

Figure 19: limbal relaxing incision (51)……………...............……………......…59 

Figure 20: The STAAR toric IOL (TIOL) (59)…………...............………….......70 

Figure 21:“Reversed optic” nomogram for selecting TIOL power 

(59)……………………………………………………................……..................73 

Figure 22: The Add-On TIOL (67)…………………………...............…….….....76 

Figure 23: AcrySof. TIOL (74)……………………………………...................…82 

Figure 24: Gross alignment of the lens is performed by rotating the IOL clockwise 

to approximately 20º to 30º short of the desired position. (60)...................................88  



IV 
 

Figure 25: The OVD is removed by stabilizing the toric IOL with a second 

instrument (60)……………………………………………...............................….88 

Figure 26: Final alignment of the IOL is performed by carefully rotating it 

clockwise and aligning the marks on the IOL precisely onto the intended axis of 

alignment denoted by the Intraoperative axial marks. 

(60)……………………………………………………………….……..................88 

Figure 27: Slit-lamp image of the AcrySof IQ Toric in situ. (83)..................……90 

Figure 28: Slit-lamp image of the multifocal toric AT.LISA in situ.(83).....................91  

Figure 29: Slit-lamp image of the Rayner T-flex in situ. (83)…….................…..92 

Figure 30: photograph of MS 6116 TU MicroSil toric IOL (85)…...................…93 

Figure 31: The phakic toric iris-claw IOL (74)…………………….................….96 

Figure 32: Toric implantable Collamer lens (ICL) (100)………...............……..102 

Figure 33: Specular microscopy image of a cornea with normal endothelial cell 

density. (112)………………………………………........................................…110 

Figure 34: Protein deposits on AC Phakic IOL. (112)…...............……………..112 

Figure 35: Myopic ICL with deposits. (112)………………………................…112 

Figure 36: Dense fibrin coating of the phakic IOL 1 week postoperatively 

(112)……………………………………………….........................................…114 

Figure 37: Persistent deposits 3 months (112)……………….................……….114 

Figure 38: bitoric ablation. (157)…………………………….................……….132 

Figure 39: Post-LASIK optic disc edema with optic atrophy. (185)…................143 

Figure 40: Skip Nichamin,MD, has developed an accurate nomogram for the 

treatment of corneal astigmatism at the time of cataract surgery.  

(200).................................................................................................................161 

 

 



V 
 

List of abbreviations 

 

ACD…………………..Anterior Chamber Depth  

AK…………………….Astigmatic keratotomy  

ALL …………………..Anterior Limiting Lamina 

ASC ………………….Anterior Subcapsular Opacity   

ATR…………………..Against-The-Rule 

BCVA………………...Best Corrected Visual Acuity 

(B&L)…………………Bausch and Lomb   

''C''……………………Canrobert procedure 

CCI…………………...Clear Corneal Incision  

CK …………………...Conductive keratoplasty 

C-PMMA…………….C-Polymethyl Methacrylate  

DLD …………………Digital Light Delivery Device. 

DLK………………….Diffuse Lamellar Keratitis 

ECD ………………...Endothelial Cell Density 

ECL………………….Equivalent Contact Lens Power  

ELP,…………………Effective Lens Power  

FDA………………   Food and Drug Administration  

FDAK……………….Full Arc, Depth Dependent Astigmatic Keratotomy  

FS- LAR…………….Femtosecond Laser Arcuate Resection  

ICL………………….Implantable Collamer Lens 

I/A…………………..Irrigation / Aspiration 

LAL…………………Light-Adjustable Lens. 

LASEK……………...Laser Assisted Sub-Epithelial Keratotomy  

LASIK………………Laser In-Situ Keratomileusis  

LRIs…………………Limbal Relaxing Incisions 



VI 
 

OVD………………..Ophthalmic Viscoelastic Device 

PCRIs……………….Peripheral Corneal Relaxing Incisions  

POF……………….......Plane Of Focus 

PIOLs………………....Phakic Intra Ocular Lenses 

PLM ………………….Posterior Limiting Membrane  

PRK ………………….Photorefractive Keratectomy  

RGP…………………..Rigid Gas Permeable 

SCL…………………..Soft Contact Lenses   

SE…………………….Spherical Equivalent  

TIOLs ………………..Toric Intraocular Lenses  

UCVA………………..Uncorrected Visual Acuity  

WTR …………………With-The-Rule Astigmatism 

YAG …………………Yttrium–Aluminum–Garnet Laser 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



VII 
 

Aim of the work 

 

        To review the literature regarding the diagnosis and recent surgical treatments 

in patients suffering of regular astigmatism. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



I 
 

 

 

 

 

 

 

RECENT ADVANCES IN SURGICAL 

MANAGEMENT OF REGULAR 

ASTIGMATISM 
 

 

 

 

 

 

 

         

 



1 
 

 

CHAPTER I 

 

 

 

 

 

ANATOMICAL, PHYSIOLOGICAL 

AND OPTICAL VIEW 

 

 

 

 

 
 



2 
 

ANATOMY OF THE CORNEA 

- Gross structure 

- Microscopic Structure 

INNERVATION OF THE CORNEA 

PHYSIOLOGY OF THE CORNEA 

-Keeping the cornea transparent 

OPTICAL AND MECHANICAL PROPERTIES OF CORNEA 

- Introduction 

- Corneal curvature  

- Corneal power 

- Corneal thickness 

- Mechanical properties 

OCULAR ASTIGMATISM 

 

- Definition of ocular astigmatism 

- Incidence and prevalence of ocular astigmatism 

- Etiology of ocular astigmatism  

- Optics of ocular astigmatism 

- Types of Astigmatism 

- Symptoms of ocular astigmatism 

 


